Objective: Nutrition evaluation tools should be developed both for scientific purposes and to encourage and facilitate healthy nutritional practices. The purpose of the present study was to develop and validate a simple food-based Healthy Meal Index (HMI) reflecting the nutritional profile of individual canteen meals. Design: The development process included overall model selection, setting nutritional goals and defining scoring systems and thresholds. Three index components were included: (i) contents of fruit and vegetables, (ii) fat content and quality and (iii) contents of wholegrain products and potatoes. The development was built on the principles embodied by the Plate Model, but providing more specificity in some areas. The simple HMI was validated against weighed and chemically analysed food and nutrient content of a representative sample of canteen meals. The sample was split into four categories according to the total index score and compared across categories. Setting: A total of 180 meals from fifteen worksite canteens. Results: Average energy density decreased significantly across categories (from 876 kJ/100 g to 537 kJ/100 g, P , 0?001). Also, the content of total and saturated fat, carbohydrate and fruit and vegetables varied across categories with higher score values being closer to dietary guidelines (P , 0?001). Conclusions: The simple HMI was successful in ranking canteen meals according to their nutritional quality. The index provides a valuable tool to both researchers and food and nutrition professionals, e.g. caterers and dietitians, who wish to evaluate nutritional quality of meals in line with the recommendations for healthier eating without the use of nutrition calculation programs.
A growing body of evidence suggests that the worksite environment can have an important impact on employees' food choice and eating habits (1) (2) (3) . Besides supplying lunch and breakfast at the worksite, the take-away option from the worksite canteen is also growing in popularity among employees in Western countries (4) . It, therefore, becomes increasingly pertinent to take the worksite environment into account when designing new strategies for improving dietary behaviour among the working population.
Several policy papers, including the EU White Paper on Nutrition and the Nordic Plan of Action on Health, Food and Physical Activity, call for action to be taken at the worksites (5, 6) . Different strategies are suggested, including worksites subsidising healthy meals, offering free fruit and/or creating opportunities for physical activity (6) . To evaluate the effectiveness of the various strategies, simple and valid monitoring tools are needed (7) (8) (9) (10) . A variety of indexes and scores have been developed to evaluate either overall diet quality (11) (12) (13) or overall nutrient quality of foods using the nutrient profiling approach (14) (15) (16) (17) (18) . However, research on indicators of nutrient quality of whole meals, including canteen meals, remains limited. Recommendations and evaluations referring to the whole diet or individual foodstuffs may be difficult to translate by caterers and consumers into daily meal planning and practice. Development of a simple meal evaluation tool could encourage caterers to self-monitor and optimise the nutritional quality of the meals offered to their customers (19, 20) . Self-monitoring has been shown to be a predictor of successful dietary change and maintenance (21) . Similarly, an intervention among five canteens based on self-monitoring and empowerment resulted in significant increases in fruit and vegetable consumption (2) . One of the nutritional challenges to be addressed in the Western countries is to lower the energy density of meals (22) . The Second Expert Report from the World Cancer Research Fund and the American Institute for Cancer Research recommend the average energy density of diets to be lowered from the current around 770 kJ/ 100 g (185 kcal/100 g) (23) towards 520 kJ/100 g (125 kcal/ 100 g) excluding drinks to prevent and control overweight and obesity (24) . Generally, foods low in energy density are low-fat and/or water-rich foods, such as fruit, vegetables and wholegrain products (25) . The purpose of the present study was to develop a simple Healthy Meal Index (HMI) reflecting the nutritional profile of single meals and to validate it against the measured nutrient content of a representative sample of canteen meals.
Material and methods

Development of the simple HMI
The development process is illustrated in Fig. 1 . First, meetings were held with stakeholders (i.e. canteen managers, food service operators and food and nutrition professionals) to identify needs and requirements for developing the overall model of a simple HMI. Second, components to be included in the simple HMI were prioritised and nutritional goals were established for each of the components. Third, specific main and intermediate criteria and thresholds for each component goal were determined; and fourth, a validity testing of the index was carried out. Validity was examined qualitatively in terms of how well the nutritional goals corresponded with Danish Food and Nutrient recommendations (26) (27) (28) , MyPyramid from the US Department of Agriculture (13) , and by proportions illustrated by the Plate Model (29, 30) . Furthermore, to explore the effects of the simple HMI on nutrient and food content, the HMI was applied to a study sample consisting of 180 canteen meals. The sample was split into four almost equal-sized categories according to the total index score: the 'least healthy', the 'less healthy', the 'healthy' and the 'most healthy' categories. Finally, the validity of the fat content and quality component score were examined by comparison with the analysed fat contents in terms of the percentage of energy from both total and saturated fat.
Study sample
The study sample consisted of 180 canteen meals, collected at fifteen randomly chosen Danish worksite canteens. Laboratory technicians observed twelve randomly chosen customers at each worksite canteen (on two different days) and collected identically double portions of the customers' self-selected meals. The collection procedure is described in more detail elsewhere (3) . The laboratory technicians asked the customers to provide basic demographic data about themselves in terms of gender, age, weight, height and employment. Food items of all double-portion meals were weighed separately, and the portions were individually mixed and homogenised. Contents of protein, fat and ash were analysed for the 180 meals according to the procedures given by the Nordic Committee on Food Analysis (31) (32) (33) . Dry matter content was determined by drying in a vacuum oven at 708C to constant weight. Carbohydrate and energy contents were calculated from the contents of dry matter, protein, fat and ash (34) . Recipes, product specification and methods for meal preparation were provided by the staff of the worksite canteens.
Statistical analysis
All statistical analysis was performed with Statistical Package for the Social Sciences statistical software package version 13 (SPSS Inc., Chicago, IL, USA). Continuous outcome data were compared using one-way ANOVA, if distributed normally, i.e. age, portion size, protein (E %), total fat (E %) and saturated fat (E %), followed by Tukey's post hoc test to assess the differences among the categories. The Kruskal-Wallis test was used when data were skewed followed by the Mann-Whitney post hoc test. The x 2 test was used to compare discrete data variables, 
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Step 4: Validity testing (46) i.e. sex distribution and prevalence of white-collar employees. The Pearson correlation coefficient was used to assess the linear relationship between the log-transformed calculated number of fat v. starch units and total fat (E %), as well as the relationship between the fat content and quality score and both total and saturated fat (E %). P , 0?05 was considered statistically significant.
Results
Step 1: Overall model selection The following main requirements for developing an HMI were identified: The index should follow food and nutrient recommendations, be simple and easy to implement without the use of nutrient-calculation software, yet sensitive enough to measure relevant differences. In addition, the index should offer a visual meal-planning approach communicating proportion and balance of the meals, and also be flexible with regard to different types of meals and serving sizes. Finally, the index should be innovative, i.e. encourage caterers to make stepwise progress towards the nutritional goals. It was suggested to build the index on the principles embodied by the Plate Model, originally promoted by the Swedish Diabetic Association (29, 30) , but providing more specificity in some areas, i.e. indicators of fat content and quality, as well as wholegrain content.
Step 2: Setting nutritional goals Three key components were prioritised to be included in the simple HMI: (i) fruits and vegetables (exclusive potatoes), (ii) total fat and fat quality and (iii) wholegrain and potatoes, all components being associated with energy density and among the key measures to combat chronic diseases. Wholegrain and potatoes are combined in the same score as potatoes (cooked, baked or mashed) are common as accompaniment to hot meals with most Danes as an alternative to rice or pasta, and it is recommended to eat many potatoes (at least 150 g/d) (27) . The nutritional goals were defined as summarised in Table 1 . For comparison, Table 1 also shows the general Danish food and nutrient recommendations, as well as the MyPyramid scaled proportionally to the content of one meal (2-2.5 MJ), and the proportions illustrated by the Plate Mode. Although communicated very differently, good agreement was seen when converting the different recommendations to common serving quantities and goals for individual meals.
Step 3: Defining scoring systems and thresholds Scoring systems and thresholds for each index component were defined as summarised in Table 2 . The following scoring system was chosen: zero point corresponds to the lowest dietary quality, one point to medium and two points to maximum dietary quality. The scores for these individual components were summed to determine the overall score for the simple HMI. The specified cut-offs described in Table 2 were used to assign points.
Unit sizes were defined by household measures, such as slices, cups and pieces. For validation purposes, weights in grams were assigned to each of the units. One unit of fruit and vegetables corresponds to minimum 75 g fruits and vegetables. One unit of wholegrain/potato (12) . -Adapted from the British Dietetic Association (30) ; the plate is divided into three sections (like a 'Y'). Although the Plate Model is a visual model, an estimated average portion size of each component was estimated from total average lunch canteen weight (i.e. 360 g; adapted from Lassen et al. (3) ). --Danish Food-Based Dietary Guidelines (26, 27) . yDanish Canteen Nutrition Guidelines (in Danish: http://www.altomkost.dk). ||Nordic Nutrition Recommendations (28) . zDanish dietary recommendation for the intake of wholegrain (27) .
corresponds to minimum 75 g wholegrain pasta or rice, 50 g wholegrain bread or 150 g potatoes. With regard to the fat content and quality component, number of fat units was combined with number of starchy food units as a measure of the relative content of fat. Number of fat units was subtracted from the number of starchy food units, and rounded to the nearest whole number. Positive values were assigned two points, whereas negative values were assigned zero points. In the case of equal amount of fat and starchy units, either one or two points were assigned depending on the fat quality as described in Table 2 . Fat units were defined as equivalent to 5 g of fat, and all fat-containing products were categorised into the following main groupings to simplify the measure: low-fat products (e.g. ham lean, cottage cheese; 5 % fat or less), medium-fat products (e.g. chicken with skin, whole egg; approximately 10 % fat), high-fat products (e.g. liver pate, sausage, feta cheese; approximately 25 % fat), very highfat products (e.g. bacon, pepperoni, regular vinegar/oil salad dressing; approximately 50 % fat) and solid fats and oils (e.g. butter, oil, mayonnaise; approximately 80 % or more fat). Fish and plain nuts were not counted as fat units regardless of fat content, as these foods are considered a part of a healthy diet. The starch food units included low-fat starchy products, whereas sweets, such as cakes, were excluded. One starch unit corresponds to an energy content of about 400-500 kJ (not shown).
Step 4: Validity testing No significant differences were found with respect to the tested background variables (i.e. age, sex distribution, prevalence of white-collar employees and BMI) over the four HMI categories. The study population (n 180) included 39 % women and 62 % white-collar workers. Average age was 40 (SD 9) years and average BMI was 24?6 (SD 3?7) kg/m 2 . Food and nutrient content by HMI categories is shown in Table 3 . Energy density as well as the content of total fat, saturated fat, carbohydrate and fruit and vegetables were all highly significant across categories (P , 0?001) with higher scores being closer to dietary guidelines. In addition, higher scores were significantly connected to bigger portion sizes (P 5 0?049). As regards wholegrain content only the 'least healthy' category differed significantly from the other categories (P 5 0?03). Figure 2 examines the fat content and quality component. As shown in Fig. 2a , the calculated amount of fat units compared to starchy food units (log-transformed) correlated well with the measured percentage of energy from fat (r 5 0?85). Figure 2b shows that the allocation of points for the fat content and quality component also seemed to correlate well with both the measured total and saturated fat contents expressed as a percentage of energy (r 5 0?82 and 0?65, respectively). Mean values were 43 %, 29 % and 20 % of energy from fat for meals allocated zero, one or two points, respectively. Corresponding mean Minimum 0 U and maximum 6 U U, unit. *One unit of fruit and vegetables corresponds to one cup of raw, leafy vegetables or half cup of other vegetables and fruits.
-One fat unit equals two ounce (50-60 g) medium-fat products, 1?5 tablespoon (20 g) high-fat products, two teaspoons (10 g) very high-fat products or one teaspoon (5 g) solid fats and oils. Low-fat products, fish and plain nuts are not counted.
--One starch unit corresponds to half cup/1 dl of cooked rice or pasta, one slice of bread, three medium-sized potatoes or two cups of vegetables. yOne unit of wholegrain/potato corresponds to half cup/1 dl of wholegrain pasta or rice, one slice of wholegrain bread or three medium-sized potatoes.
||In order to get maximum score, at least half of the total fat amount should be of vegetable origin.
values for the percentage of energy from saturated fat were 13, 9 and 5 (not shown).
Discussion
The HMI was developed as a simple food-based method for evaluating the nutritional quality of canteen meals based on three components and three levels of component scores. The first component measures compliance with recommendation for fruit and vegetables; the second component measures compliance with respect to fat content and quality; and the final component measures compliance with respect to the contents of wholegrain cereals and potatoes. Our findings indicate that the simple HMI is a valid estimate of overall diet quality of canteen meals. Increasing index scores were significantly associated with decreasing energy density, contents of energy, total fat, saturated fat and carbohydrate, and with increasing portion size and content of fruit and vegetables in the 180 canteen meals tested.
Mean energy density of the canteen meals differed from around 880 kJ/100 g in the least healthy category to around 540 kJ/100 g in the most healthy category, thereby equalling the energy density recommended by the World Cancer Research Fund and the American Institute for Cancer Research (24) . The recommendation is mainly intended to prevent excess energy intake. In addition, lower energy density seems to be connected to increased nutrient density and overall diet quality (35) . In the present sample of canteen meals, the energy content of the meals in the healthiest category, as defined by the simple HMI, was about 20 % lower than those in the least healthy category. This is in line with differences in the total daily energy intake found by Biltoft-Jensen et al. (11) between compliers and non-compliers identified by the simple dietary quality index and by Schröder et al. (35) between subjects eating diets differing in overall energy density.
The present HMI was developed to assist caterers in making healthy meal offers without having to use nutrient-calculation software. The catering industry has an important responsibility to provide nutritious food to the consumers, but also to influence perceived norms regarding eating behaviour (4, 36) . However, caterers must also deal with the practical realities of limited resources (37) , and therefore have neither the time nor the skills to make complicated calculations (38) . In addition, there seems to be a widespread confusion among caterers over what constitutes healthy meals (39, 40) . The limitations of the simple HMI should be noted. The index involves counting food ingredients from mixed dishes, which is a common challenge when assessing dietary intake (41) . It needs to be combined with recipe, product specification and menu preparation reviews. The contents of the nutrients, on the other hand, were chemically analysed, which is considered to give the most reliable results (38) . Beverages were not included in the study, as the focus was on meals provided by the caterers, and the relationship between energy density and macronutrient content and beverages is more complex than that of individual foods or meals (42) . Beverages, however, may contribute significantly to the total energy intake. In addition, the index does not deal with all aspects of nutritional recommendations, and reliable indicators of, for example, salt content should be developed and tested for future extension of the simple HMI.
A major strength of the simple HMI is that it is designed to measure and communicate the proportion of foods based on an understanding through visual messages according to the Plate Model. It may therefore provide a bridge between scientific research and communication. The Plate Model has been found to be the preferred educational nutrition model by both professionals and the public (43) , and meal components may be selected to match a range of different meal types and preferences. However, paradoxically, the simplicity has been seen as a disadvantage by some, who expect a more complex approach to meal planning (44) . The present HMI provides more specificity to the Plate Model, introducing the concept of fat units to evaluate fat content and quality. The basic idea of the fat content and quality score being that there is room for one fat unit, preferably of vegetable origin (equalling 5 g fat) per starchy food unit. For example, one piece of bread with a thin layer of butter is assigned one point (due to animal origin), an open sandwich with some mayonnaise is assigned two points (due to vegetable origin), whereas an open sandwich with both butter and mayonnaise results in zero points. Fat and fatty products are categorised into main groups to simplify the counting of fat units. The fat content and quality component score was found to correlate well with the measured percentage of energy from total (r 5 0?82) and saturated fat (r 5 0?65).
The uses of the simple HMI may be multiple. In addition to being used in the catering sector as a selfassessment tool for nutritional quality control, the index could be used as a valid measure of the nutritional quality of meals consumed elsewhere, including take-away dinners and home dinner meals. The canteen meals in the present study represented a great variety of meal types, including hot and cold meals (open as well as closed sandwiches), salads and buffet-style combinations. The total and each component scores separately may be used as tools for nutritional quality control of the meals. In addition, food and nutrition professionals may use the index in counselling clients how to modify meals to meet dietary goals. For research purposes, the simple HMI could be used in combination with the digital photography method (45) to evaluate a representative sample of an employee's food selection, and thereby provide an overall picture of the nutritional eating environment. The nutritional profile of what was eaten is largely determined by what is offered as found by Lachat et al. (8) in a Belgian university canteen.
Conclusion
In conclusion, the present paper introduces a novel concept for evaluating the nutritional quality of individual meals. The simple HMI successfully ranked canteen meals according to their nutritional quality. It has implications for both research and practice, and provides a valuable tool to both professionals, e.g. caterers and dietitians, and the general public who wish to evaluate nutritional quality of meals in line with the recommendations for healthy eating without the use of nutrition calculation programs.
